i A
_';'('3“;“@?’_‘25 . 0000645+00 EC.123.90
: Transitional/Fluvial? ] oo SOILS AND SUBSURFACE FENCE REPORT e I s von Pty Ciay (] uscs sty sans
EC-124-20 Fat Clay T Wimingion istict Entrance Channel, Segment EC-6, Northern Fence Profile O Cton sty I vscs s T uscs wergraea sens
" E Vi DaTE: May 2013 ISTS Low Plasteity I 505 Poony s sanc [5O3 p oo o S
Edisto Fm ® 0000840+00 scaLe: s SOV PROUEGT NAVE Cratoston = oo iy Vg i Stk
Fat Clay & Limestone Gravel v EC-60-88 ';'_‘*W"Ea Ke.';/ Kallenbach, Ceclogist PROJECT LOCATION 72 ey B vscs s g
TOR @ -47 R Transitional/Fluvial? ancw‘clcati-ms EC-13.B47 CHDVC-73-11-86 EC-64-88 ECA17:90 CHDVC-75-1-1-86 eawzr
Fat Clay 1 Bl Bl = A = i Ele =Y
0000635+00 36 = = 36
EC-13-B-16 = =
Edisto Fm v 38 a7 o = 38
Organic Silt & Gravel v CHDVC-71-1-1-86 87 =
& 0000630+00 Transitional/Fluvial? <0 = 40
= 406
EC-122-90 b Sandy Clayey Silt i .
Edisto Fm
Silty Sand & Limestone Gravel & EC-13-B17 - erage Channel Bottom Along Profi "
TOR @ -46.5 Sl
@ Transitional g 4
Organic Silt & Silty Sand g 8
EC-13-B-18 b0 % R 467 466 9 -
Edieta Frn 00620+00 e b i o Bl S
Organic Silt & Limestone EC-62-88 g'g_ﬁ N P el -
TOR @-51.9 k Transitional/Fluvial? i a e,
% 1~ 0000615+00 Fat Clay 2 e Interpretted Top of Rock -m‘ i 52
Eq'1 19-90 v / JEad.  __o——mwls - Field Desoriby
Edisto Fm - 53 / 7 Coquina »
Clayey-Silty Sand& Limestone Gravel i' o v ” interoreticd / s Dusries ST .
TOR @ -48.5 EC-6 ol el - 1 Sand wiSneii Has! » Edisto Formation 52 -
é o 30
EC-13-B-20 ¢ N Wax Dredae Geh 3ivzi2 - =
Edisto Fm 'I[:_'I’c;;‘;lsslt-ls:a? i 8.6 [{iz2 96 Dep
Limestone Hona : 8 50
- TOR @ -50.7 Organic Silt & Sand i CooperFormton . os
-62 \.\ \-\62.3 B 62
Edci-;tlsl;i? EC-64-88 “ T SO Bt R St PO
Clayey Sand & Limestone Gravel EﬁanSItloSnalgFg\ll__la{,Cl e e oo oo Appmx\malzu;aoﬂnnn Along Csntﬂr\i:gﬁ’m o0 o o e
TOR @ -49.6 ayey sand & Fat Lay
000595+00
EC-33-88 - ECC";t l7l;9m°
Edisto Fm I SCS High Pastich cory-graced
Fat Clay & Limestone & Silty Sand & Limestone Gravel Jlal] e SOILS AND SUBSURFACE FENCE REPORT ssocdnay”  HE St -
0000590+00 TOR @ -50.5 minggon Distict Entrance Channel, Segment EC-6, Southern Fence Profile (] timestone Orgnic sil or sy
| TOR @-50 v ot s — oot e I s e
vé DRAWNBY: ___Kolley Kallerbach Goologisl PROJECT LOCATION [ uscs sity sand B uscs Poorty.gracas Sanc
E LandwE(‘,aMrrgEC—137B—|G CHDVC-72-1-1-86 EC-13-B-18 EC-63-83 EC-13-B-20 EC-33-88 eawar
S 00005841 ST “Elev [0 5PT. Eley[SsPT _ Elov™2 SPT Elev [ sP Elev [ SPT
o Nz N ] Noma . N a5
=
EC-13-B-21 g£_T A
Edisto Fm BVE EC-114-90 i
Limestone s 5 Transitional/Fluvial? o 4
TOR @-51.4 vi g Clayey Sand & Fat Clay
,%‘, g &= 2
s £ EC-21-88 =
o y Q = S
EC 11_5 90 ) v Edisto Fm h
Transitional/Fluvial? H Limestone 6 3
Clayey Sand & Fat Clay & Gravel EC 7;«5" TOR @ -48.9 Average Channel Bottom Along Profil .
! = o
CHDVC-76-1-1-86 v5 ¥ “
e = = Tl _\rltirprensd Top of Rock = o
Figure B-55: Harbor Stratigraphy NOTE: Bathymetrc T ﬁ_;%wmz e
color-contoured surface \ TR0 P -
Entrance Channel, Segment EC-6 Is based upon single- Y -
Feet peamisonagcondition Edisto Formation =8 T ;“ 7
Legend : Desred % ok Core B
*BQ%rﬂiggEsoring - Northern Profile  cparieston Harbor Entrance Channel ; as)
o HE 58
Colored Pink Southern Profile ol etV (LYY 66 Max Dredge Depth 54+2+2 =i -
& Rock Core Bl 25230 44 - 46 56 - 58 ; E i -
& SPT Channel B 30-34 46- 48 58-60 Map Scale: B
® Vibracore ~ Segments 1:9,000 3 . .
B 5438 48-52 [l 60 - 65
Athena 2013 Washprobes q 634 ™
A RotwsalwininDrogopriem [l 3340 52-54 [l 65 - 70 T
£ Below -56 MLLW 5 Approximate Stafion Along Centerline
A No Refusal Encounted 40 - 44 54 -56 - 70-75 £
A Poss Rock Encounterd 94



K7TSEKJK
Typewritten Text
B-55


Clayey Sand & Limestone Gravelg
TOR @ -49.6 d

EC-33-88

Edisto Fm

Fat Clay & Limestone
TOR @ -50

EC-13-B-21
Edisto Fm
Limestone
TOR @ -51.4

EC-115-90
Transitional/Fluvial?
Clayey Sand & Fat Clay & Gravel

CHDVC-76-1-1-86

Edisto Fm

Coquina/Cemented Sand & Shell
TOR @-49.7

EC-13-B-23
Cooper Marl Fm
Organic Silt & Silt

EC-113-90
Transitional/Fluvial?
Fat Clay

EC-22-88
Edisto Fm
Limestone
TOR @ -50.8

EC-13-B-24
Edisto Fm

Gravel & Limestone
TOR @ -52.7

CHDVC-78-1-1-86
Edisto Fm
Coquina/Cemented Sand
TOR @ -45.8

EC-110-90
Edisto Fm
Silty Sand & Limestone Gravel
TOR @ -47.3

EC-24-88
Edisto Fm

Transitional/Fluvial?
Clayey Sand & Fat Clay

&

0000595+00
EC-117-90

v 3 Edisto Fm
C-6 & Silty Sand & Limestone Gravel
oooosseﬂm TOR @ -50.5
v

0000585+00)

EC-114-90
Transitional/Fluvial?

v Clayey Sand & Fat Clay
0000575+00 EC-21-88
\v4 Edisto Fm
Limestone
0000570+00 TOR @489
v

v
0000565+00
EC-13-B-22
Cooper Marl Fm

DaTE:

SCALE:
DRAWN BY:

Kelley Kallorbach Ceologist

SOILS AND SUBSURFACE FENCE REPORT
Entrance Channel, Segment EC-7, Northern Fence Profile

B vaor I =0 Pooey g sans [ uscs sy sans
UsosOpySend DR uscsiyGmel | J7oneeof o toss

) tovsone B scs oo Py iy [ scs s

W uscsow psiy oy ] 5330 owoss s

Landw
CHDVC-75-1

36

-40

42

Seawa

Average Channel Bottom Along Profile

EC13-B22 EG-112A90 CHDVC-77-41-86 EC-111-50
Eley]|

38

405

42

Edisto Formation 435
(Removed)

Organic Silt & Sand & Lean Silt
0000560+00
EC-112A-90
~ Edisto Fm
EC Limestone Gravel & Limestone
v TOR @ -44.6
0000550+00
CHDVC-77-1-1-86
Edisto Fm
Coquina/Cemented Sand & Shell
0000545+00 TOR @ -43
v
EC-111-90
Edisto Fm
0000540+00 Silty Sand & Limestone Gravel
TOR @ -49.3
EC-67-89
V Edisto Fm
J Silty Cemented Sand & Gravel
‘i v TOR @-539
c
£
' B v EC-23-88
= Edisto Fm
..g Limestone
2 TOR @ -45.4
©
& Fcs EC-109-90
0000520+00 Edisto Fm

Figure B-SG: Harbor Stratigraphy
Entrance Channel, Segment EC-7
N N

(0] 500 1,000
Legend
Borings Northern Profile
*2013 Boring Info =
Colored Pink Southern Profile
& Rock Core e
¢ sPT Channel
() Vibracore  Segments D
Athena 2013 Washprobes
Refusal within Dredge Prism
Below -56 MLLW

No Refusal Encounted
Poss Rock Encounterd

| 4 4bd 2

NOTE: Bathymetric
color-contoured surface
is based upon single-
beam sonar condition

Feet
survey, conducted by
2Ly ey CESAC on 25JUN2013.
Charleston Harbor Entrance Channel
Color-Coded Bathymetry (MLLW)
Bl 25230 44- 46 56 - 58
B 3034 46 - 48 56-60 Map Scale:

1:9,000

B 4-38 48-52 [0 60-65
[ 38-40 52-54 [ 65 - 70

40 - 44 54-56 [l 70-75

9484544

DI AR (A

g 8
FE
32 Field Described
& Coquina
60
A - 514 N
52 \'\
525
54
56 556, -55.5.
68 58
~“Unit Contact.sg [T~~~ — e T B
60 [~ iTTnEmsmmseee] 80
- <07
62 52
570+00 550+00 545+00 540+00 535+00
Approximate Station Along Centerline
,,,,,, SCS High Platichy USCS Pontygreded
Hell SOILS AND SUBSURFACE FENCE REPORT 5 waer Saancanorsn I S
Entrance Channel, Segment EC-7, Southern Fence Profile imestone [E2]] wscs sity send [T wsos sin
oaTE -

TS Sity Gravel Limost USCS High Piasticty CE:
owre csowann  EL unsns [ vscs v prsiciy oy
DRAWNBY: ___Kellay Kallarbach Gaoiogist Sy i1 3re0SE 5200 5SS Clayoy Sand
Landward Seaward

CHDVC-76-1-1-86 EC-13-B-24 CHDVC-78-1-1-86
Elev Eley.

36

38

40

42

Edisto
Formation | 44
(Removed)

46

47518 "~

2

Wp-42 S
-50.4 Y
-50.5 v N\

WP-169
VP69
Edisto Formation =

48

50
Field Described
Coquina

52

> 5.9

5.

56

58

Cooper Formation

50

52

580-00

545-00 540+00

95



K7TSEKJK
Typewritten Text
B-56


TOR @ -5U.3

v

EC-13-B-24

EC-111-90
Edisto Fm

1] et e

H

Ergireors
Wimington District

SOILS AND SUBSURFACE FENCE REPORT

B vaor

[ I T——

Poss Rock Encounterd

Edisto Fm _ w 0000540+00 Silty Sand & Limestone Gravel e - Entrance Channel, Segment EC-8, Northern Fence Profile ERE uscs siy ra [E2T] wscs sy sana [z uscs Clayey san
Gravel & Limestone TOR @ -49.3 — e I— I mznn‘es. oCoretoss ] umestone P vscs Low prastciy ey
4 ! [T ——
TOR @ _527 _7 DRAWN BY: Kelley Kalterbach Geolodist PROJECT LOCATION .J_Uw\m Silt
Landward Seaward
E EC.67.89 EC-23-88 EC-109-9¢ EC-13-B-27 EC-107-90 EC-25-88 EC-105-9¢ CHDVC-81-1-1-86.
CHDVC-78-1-1-86 g s N e e g _Eeues =
Edistolm : Sity Gemented Sand & Gravel - T S il L oy %
Coquina/Cemented Sand o v Té)é (5",1;;: an rave = = = 3 E
TOR @ -45.8 8 >3- < 2 = R
g 3.2 JTlo <]
EC-110-90 t EC-23-88 <0 " 26 | 40
Edisto Fm ¥ e Edisto Fm i 1
Silty Sand & Limestone Gravel § T s oy i a2 s
TOR@-47.3 < TOR @ -45.4 o e B
- 4 el 5 442 [0 h
EC-24-88 g EC-109-90 : o R
Edisto Fm 0000520+00 Edisto Fm i S d b
Limestone Clayey Sand & Limestone Gravel i = 2 o
TOR @-49.7 TOR @-51.8 H :‘;’a“ verage Channol Botiom Along Prof . 6 TR g
k=har) WP-102 -
gg - 5.8 487 P28 .
EC 8659 5 S o1} . LY TR
/J Edisto Fm '51-5 nterprotteg 506 J o \
EC-85-89 . — Silty Cemented Sand & Gravel w2 | Pelecfuvial valley s 1 P
Transitional/Fluvial? T TOR @ -47.9 ' s o Fod
Silty Sand & Gravel 2o Coona] .,
EC-13-B-27 Edisto Formation “ 12 i T - Edisto Formation r
Transitional 554 i - e .
EC-108-90 0000505+00 Sand i N e °
Transitional TOR @ -60.2 g 1 i T s
Sand & Silty Sand & Gravel i T X Drodige Dopth 5355+2 R e
EC-107-90 q 1 ///
Transitional B I oy 309 50
EC-13-B-28 s %@c_?gesy Sand T e e o — N . SR S R
Edisto Fm - _ T s - -
. 525+00 520+00 515+00 510+00 505+00 500-00 495+00 490+00 485+00 430+00 475+00
'li'queSt@?ng»] ] 0000495+00 Approximate Stafion Along Centarline
; | [ecosss
EC-105-90 W Transitional/Fluvial?
Edisto Fm 0000490+00 SlayeviSand — = —

P f W0 s Ay coroe SOILS AND SUBSURFACE FENCE REPORT B water USCS Poorly graded Sand USCS High Plasticity Cly
SityjCimestonelCiale] \ EC__1 05-90 il Vimingon pistct Entrance Channel, Segment EC-8, Southern Fence Profile USCS CavoySend [T USOS Siy Gravel [T usos siey sans
TOR@-52.6 Edisto Fm oare iy 201 ] timosione (1] zovscr corstoss Uscs ooty s Sanc

onodsesean TR o e —— i
@ ) | Laa?g‘uﬂvlcavlgas EC-110-50 EC-24-88A EC-108-50 ECr13—EZﬂ§»ﬁﬁa$D a8
CHDVC-81-1-1-86 ’ T e
0§00480+00 Edisto Fm 0 o
v Coquina/Cemented Sand & Shell .,
—° TOR @ -48.2 =y
a2p M7 B 42
422 [0 13
EC-26-88 0000475+00 EC-103-90
Transitional/Fluvial? — Edisto Fm -4 5 |44
Fat Clay d v Silty Sand & Limestone Gravel 5 s
TOR @ -50.3 “ 7 w
C-104-90 —F 0000470+00 @ J /y Edsto Formatn ,
disto Fm / // — Average Channel Bottom Along Profile ' /f‘ i
ilty Sand & Limestone Gravel v / (,,/ il | e T o~ g
OR @ -49 // . : I, e 9 L L
/| EC.27.83 = | | et ot ~Nel =
- . iEE] S ; sto Formation st
Figure B-57: Harbor Stratigraphy NOTE: Bathymetric \ NV C |-
color-contoured surface E u y L1 s5s/ ’ 526 5
Entrance Channel, Segment EC-8 is based upon single- s I s 2 =
e — beam sonar condition i = \ Interoretied Top of Rock -~ Rock Coref1] 0 ot
Ao survey, conducted by § \ 4 ok H 545 3 E
E ) 500 1,000 2,000 3,000 S RN . 1 . i e walt . =
egen b ae:f”_Descnbed v e M
§ ina —— Rock Core
Borings Northern Profile ¢y jeston Harbor Entrance Channel g Vi Dredge Deplh 541212 R B
*2013 Boring Info Color-Coded Bathymetry (MLLW) o
Colored Pink Southern Profile E o7 Edisto Formation m|
& Rock Core — - 25.2-30 44 - 46 56 - 58 g = N
4 SPT Channel B z0-34 46 - 48 58.60 Map Scale: 5
® Vibracore ~ Segments 1:9,000 1" ol =
B 34-38 48-52 [ 60-65
Athena 2013 Washprobes - s
A Refusal witin Drecge Prsm [0 38- 40 52-54 [l &5 - 70 | == e o = =7 e
/N Below -56 MLLW 5 Approximate Station Along Centarline
A No Refusal Encounted 40 - 44 54 - 56 - 70-75 g 96
A



K7TSEKJK
Typewritten Text
B-57


) TOR @ -48.5
EC-8 CHDVC-81-1-1-86 [l pmrceos SOILS AND SUBSURFACE FENCE REPORT B war [ L ———
Edisto Fm S vimngonDiset Entrance Channel, Segment EC-9, Northern Fence Profile [ vscs say sne I ses s [ vsos 1w prastciy oy
0p00480+00 : oare g3 R st 500 L] e [z rcon..
j Coquina/Cemented Sand & Shell soas: 25 SHOWN PROVECT NAME Chatoston o 7N esene oresorcemoss
TOR @-48.2 DRAWNBY: ___Kelley Kalterbach, Geologist PROJECT LOCATION 24 us il
EC-26-88 ﬂ ar:g*wgz[gms EC40350 EC27-88 EC-150A%9 EC01-50/C-8344-86 EC-157-89 Seaw:r
-26- & 0000475400 EC-103-90 NESS . ey e e :
Transitional/Fluvial? ‘r' Edisto Fm o & : pe=
Fat Clay v Silty Sand & Limestone Gravel oo S oz {Tz -
EC-104-90 L  0000470+00 TOR @503 | 9 2 "
Edisto Fm c A =2 e
Silty Sand & Limestone Gravel § y “ - “
ilty San imestone Grave Sy / ) ) 1,
IO = 8 0000465400 i / . RSN .
8 // EC-27-58 AR . i .. | s
£ / EfjiSto Fm oo Average Channel Bottom Along Profile % ™ e
& Limestone | T ST = B ! W
§ — TOR @ -49.6 i . Tl nterorted Top o Rock FolRoskccore = ;ii,d iy "/ | ol
H 0 P Tl WP-171 i Coguina | 8 K
3 B — vear iz / |
CHDVC-82-1-1-86 | A T 3 EC-158-99 T v .0 ; / \ e
Fluvial Channel ~ — | S Edisto Fm |32 il Doscrined weso B 7 ! / wps
Clayey Silt 0000455+00 Silty Sand & Limestone Gravel u . s H eyl =4y
yey Y 64 27 - 54
v TOR @ -48.8 Edisto Formation A £ W
-54.9 5]
EC-102-90 c9 vy w 52 .
Edisto Fm "
0000450+00 e
Limestone Gravel ’ = EC-101-90 B I e T T R . B | | s
TOR @-49.7 v . Edisto Fm e »7
Silty Sand & Limestone Gravel o eo|sms 50
0000445400 TOR @ -46 g
s ; ] 52
& . S S |
EC-28-88 = CHDVC-83-1-1-86 - B timee e SO | ”
Edisto Fm 0000440+00 A Edisto Fm Cooper Formation B e N R D e gt ————— -
Limestone Coquina/Cemented Sand & Shell . T - bt -
TOR @ _486 | /‘ TOR @ _447 475+00 47C+00 465+00 460+00 455+00 450+00 445+00 440+00 435+00 430400 425+00
N Approximate Station Along Centeriine
O v EC-157-99
NS v Edisto Fm
\\ Silty Sand & Limestone Gravel
0000430+00 ] —— TOR @-49.3 Hegl] oo SOILS AND SUBSURFACE FENCE REPORT X war R 05 oo sans ] uscs ity sans
v d : Vimingon Disrct Entrance Channel, Segment EC-9, Southern Fence Profile [2RH vscs sty Grl T s vion Prasicty Clay USCS Low Praslcity Clay
DATE! May 2013 CS Estc Sil imestono
EC-99-90 o —sr roseroe o | Elestees O
- i DRAWNBY: _ Kolly Katonbach. Grlogsl PROECT LoCATION
EC-100-90 0000425+00 v g . andwar Seaward
Edisto Fm Silty Sand & Limestone Gravel = EC-104-50 CHDVC-82-14-06 EC-102.50 Ec25.88
Silty Limestone Gravel TOR @-46.9 R [ = | e N Bl
TOR @ -46.7 ; P =
e 0000420460 o~ J EC-13-B-33 .- <17 s = S
Edisto Fm =
EC-13-B-32 v - | a2 =
Edisto Fm [_/—/‘/_/ Limestone 44 = 4
TOR 52.5 P 2
Limestone 0000415+08% | TSI @-52. a7 s 2 2 3 =
TOR @ -58.7 @L Edi_sto_Fm- 46 b ' Average Ghannel Botiom Along Profile, B ol Taz_ 46
| T Limestone g P - T R, } o
CHDVC-84-1-1-86 TOR @ -49.1 ] 474|153
Edisto Fm 0000410400 o e \‘\ el
Coquina/Cemented Sand & Shell vEC-10 EC-96-90 £ ° “as fims|
terpretied Top of Rodk
TOR @ -48.7 Edisto Fm , wosfitln iy = H1
] | ) nnnnAnc.nn Sand & Silty Sand & Limestone Gra RN Ay
Figure B-58: Harbor Stratigraphy NOTE: Bathymetric AN | | aafffle
color-contoured surface Y Edisto Formation
Entrance Channel, Segment EC-9 is based upon single- o \ -
_— beam sonar condition ; o \\ ya : 54
0 500 1,000 2,000 3,000 S e - ! K i
Legend E N 5 6
€ 6.2 < N " A
*Bg%r:gg;mmg . Northern Profile  cparieston Harbor Entrance Channel 3 - st Fomation N oot Paochosa van / :
2 \ interpretied Faleofluvial Valley )
Colored Pink Southern Profile  COloT-Coded Bathymetry (MLLW) E = \ Vax Dredge Diepth 54+2+2 =
& Rook Core Bl 5230 44- 46 56 - 58 g N
4 SPT Channel - 30-34 46 - 48 58.60 Map Scale: o \\ st 50
@ Vibracore ~ Segments 1:9,000 S P e
B 34-38 48-52 [ 60-65 T
Athena 2013 Washprobes 1 = -
A Refusal ithin Dredge Prism 340 52-54 [Jl 65 - 70 =5 =T ==
/N Below-56 MLLW H Approximate Station Along Centerline
A NoRefusal Encounted 40- 44 54-56 [l 70-75 E

A Poss Rock Encounterd

-

[0}



K7TSEKJK
Typewritten Text
B-58

K7TSEKJK
Typewritten Text
97


CHARLESTON HARBOR POST-45 DEEPENING FEASIBILITY STUDY
APPENDIX B GEOTECHNICAL

along the southern profile is -46 feet MLLW. The maximum proposed dredge depth is -58 feet
MLLW. Variations in the bathymetric depth along profile are not shown. The Edisto Formation
is the predominant lithologic unit within EC-9 based upon the description of materials in borings
CHDVC-81-1-1-86, EC-103-90, EC-27-88, EC-158A-99, EC-101-90, CHDVC-83-1-1-86, EC-
104-90, EC-102-90 and EC-28-88 which penetrate the dredge prism to a maximum depth of -64
feet MLLW. Of these borings, only EC-158A-99 is a rock core that sampled intact limestone.
The remainder of the borings was advanced by SPT or vibracore. Within the proposed dredging
prism, the Edisto Formation has been characterized as coquina, silty calcareous sand, cemented
sand with limestone gravel, limestone gravel, or limestone. SPT N-values from borings drilled
into this unit indicate that the granular material within the dredging prism is generally medium
dense to very dense. Boring data from CHDVC-82-1-1-86 suggests that there may be a buried
paleofluvial valley between stations 470+00 and 445+00 on the south side of EC-9. There are no
similar features found along the northern profile. The available subsurface data indicates that
limestone bedrock will be encountered within the proposed dredging prism for much of the
length of segment EC-9. The top of limestone bedrock surface is considered to coincide with the
existing bathymetric surface. The exception to this would be the subsurface vicinity of the
paleofluvial channel located between stations 470+00 and 445+00, where the top of rock surface
is projected below the existing average bathymetric surface.

5.7.10. Entrance Channel, Segment EC-10

Seventeen (17) borings and 1 washprobe were selected from a consolidated gINT dataset of 445
point data to describe the subsurface conditions within segment EC-10 in cross-sectional profile,
as shown in Figure B-59. Single beam sonar condition survey dated 25JUN13 indicates that the
channel depth ranges from -46 to -54 feet MLLW. The average depth along the northern fence
profile is -44.0 feet MLLW, while the average depth along the southern profile is -50 feet
MLLW. The maximum proposed dredge depth is -58 feet MLLW. Variations in the bathymetric
depth along profile are not shown. The Edisto Formation is the predominant lithologic unit
within EC-10 based upon the description of materials in all of the borings drilled within EC-10.
Intact limestone rock cores were recovered from borings EC-13-B-33, EC-29-88A, EC-13-B-36,
EC-13-B-37, EC-13-B-32, EC-13-B-34 and EC-13-B-35. The Edisto Formation may extend to
depths greater than -64.0 feet based upon existing drilling logs. The remaining borings that were
advanced by SPT or vibracore characterize the unit as consisting of coquina, silty calcareous
sand, cemented sand with limestone gravel, or as sand with gravel. SPT N-values indicate that
the material within the dredging prism are generally medium dense to very dense. The available
subsurface data indicates that limestone bedrock will be encountered within much of the
proposed dredging prism from station 425+00 to station 370+00. The top of limestone bedrock
surface is considered to coincide with the existing bathymetric surface.

5.7.11. Entrance Channel, Segment EC-11

Fourteen (14) borings and 8 washprobes were selected from a consolidated gINT dataset of 445
point data to describe the subsurface conditions within segment EC-11 in cross-sectional profile,
as shown in Figure B-60. Single beam sonar condition survey dated 25JUN13 indicates that the
channel depth ranges from -46 to -54 feet MLLW. The average depth along both northern and
southern fence profiles is -48 feet MLLW. The maximum proposed dredge depth is -58 feet
MLLW. Variations in the bathymetric depth along profile are not shown. The Edisto Formation
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is the predominant lithologic unit within EC-11 based upon the description of materials in all of
the borings drilled within the channel segment. Intact limestone rock cores were recovered from
borings EC-13-B-39, EC-13-B-41, EC-13-B-43, EC-13-B-38, EC-13-B-40, EC-87-89 and EC-
13-B-42. The Edisto Formation may extend to depths greater than -69.0 feet based upon the
existing drilling logs. The remaining borings that were advanced by SPT or vibracore
characterize the unit as consisting of coquina, silty calcareous sand, and cemented sand with
limestone gravel. SPT N-values indicate that the limestone is generally soft and weakly
cemented, and that the material within the dredging prism are generally medium dense to very
dense. The available subsurface data indicates that limestone bedrock will be encountered
throughout much of the proposed dredging prism from station 370+00 to station 320+00. The top
of limestone bedrock surface is considered to coincide with the existing bathymetric surface.
Potential exception to this is the presence of two small valley or trough features that are located
between stations 330+00 and 325+00 along the northern side of the channel, and between
stations 355+00 and 345+00 on the southern side. The degree to which these features are in-
filled with unconsolidated sediment (if at all) is unknown.

5.7.12. Entrance Channel, Segment EC-12

Eleven (11) borings and 1 washprobe were selected from a consolidated gINT dataset of 445
point data to describe the subsurface conditions within segment EC-12 in cross-sectional profile,
as shown in Figure B-61. Single beam sonar condition survey dated 25JUN13 indicates that
much of the channel depth ranges from -48 to -54 feet MLLW. The average depth along the
northern fence profile is -48 feet MLLW, while the southern fence profile is deeper at -53 feet
MLLW. The maximum proposed dredge depth is -58 feet MLLW. Variations in the bathymetric
depth along profile are not shown. The Edisto Formation is the predominant lithologic unit
within EC-12 based upon the description of materials in all of the borings drilled within the
channel segment. Intact limestone rock cores were recovered from borings EC-13-B-45, EC-13-
B-47, EC-13-B-49, EC-13-B-44, EC-13-B-46 and EC-13-B-48. The Edisto Formation extends to
depths greater than -62.0 feet MLLW based upon the existing drilling logs. Borings that were
advanced by SPT or vibracore characterize the unit as consisting of coquina, silty calcareous
sand, and cemented sand with some limestone gravel. These materials are directly correlated to
the limestone recovered in the adjacent rock cores. SPT N-values indicate that the limestone is
generally soft and weakly cemented, and that the material within the dredging prism are
generally medium dense to very dense. The available subsurface data indicates that limestone
bedrock will be encountered throughout much of the proposed dredging prism from station
311+00 to station 280+00. The top of limestone bedrock surface is considered to coincide with
the existing bathymetric surface.

5.7.13. Entrance Channel, Segment EC-13

Seven (7) borings and 6 washprobes were selected from a consolidated gINT dataset of 445 point
data to describe the subsurface conditions within segment EC-13 in cross-sectional profile, as
shown in Figure B-62. An underwater photograph taken from a washprobe shows the general
nature of the ocean bottom in this segment. Boring EC-13-B-54 was used for each profile in
order to extend the length of the fence diagrams within EC-13. Single beam sonar condition
survey dated 25JUN13 indicates that much of the channel depth ranges from -48 to -52 feet
MLLW, with occasional troughs that have depths up to -54 feet MLLW. The average depth
along the northern fence profile is -48 feet MLLW, while the southern fence profile is deeper at -
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50 feet MLLW. The maximum proposed dredge depth is -58 feet MLLW. Variations in the
bathymetric depth along profile are not shown. The Edisto Formation is the predominant
lithologic unit within EC-13, which is covered by a relatively thin veneer of sandy to gravelly
material based upon the 2013 borings and underwater photograph (Figure B-62). Intact limestone
rock cores with high amounts of recovery were recovered from borings EC-13-B-50, EC-13-B-
52, and EC-13-B-51. Borings EC-13-B-53 and EC-13-B-54 encountered quartz sands that
appeared to overlie sand mixed with weakly cemented limestone gravel. The lack of cementation
in the quartz sand may indicate either a facies change within the Edisto Formation, or a poorly
defined lithologic boundary between the limestone of the Edisto Formation, and the sands of the
Marks Head Formation. Washprobe refusal depths seems to indicate that there is a distinctly
denser surface at -52.7 to -52.8 feet MLLW, which corresponds with depth to which the
limestone gravel occurs in borings EC-13-B-53 and EC-13-B-54. Therefore, the top of rock
surface for the Edisto Formation is considered to lie at -52.7 feet MLLW, which is
stratigraphically overlain by the medium dense sands of the Marks Head Formation. This
stratigraphic positioning of units is consistent with the work of Weems and Lemon (1993), and
projects the top of the Edisto Formation to gently plunge into the subsurface with increasing
distance seaward. SPT N-values taken within the Edisto Formation indicate that the limestone is
weakly cemented and has medium density against penetration. The sands of the Marks Head
Formation, present from station 225+00 seaward are also medium dense. The available
subsurface data indicates that limestone bedrock will be encountered within the proposed
dredging prism from station 260+00 to at least station 210+00; however, the top of limestone
bedrock surface will likely plunge from the existing bathymetric surface to -54.5 feet MLLW,
and continue into the subsurface further offshore.

5.7.14. Entrance Channel, Segment EC-14

Two (2) borings and 7 washprobes were selected from a consolidated gINT dataset of 445 point
data to describe the subsurface conditions within segment EC-14 in cross-sectional profile, as
shown in Figure B-64. The lack of borings within EC-14 limits the length and control by which
fence diagrams can be drafted. Washprobes between the two borings were used to provide
vertical control on the interpreted top of rock surface. Single beam sonar condition survey dated
25JUN13 indicates that much of the channel depth ranges from -48 to -54 feet MLLW. The
average depth along both northern and southern fence profiles is -51.5 feet MLLW. Variations in
the bathymetric depth along profile are not shown. Borings EC-13-B-54 and EC-13-B-55
encountered weakly cemented sand and limestone gravel at -54.9 and -55.6 respectively. Nearby
washprobes WP-129, WP-202, WP-131, WP-203 and WP-127 have similar refusal depths that
range between -54 to -56 MLLW. This suggests there is a dense cemented horizon that
corresponds to the gravelly strata in borings EC-13-B-54 and EC-13-B-55. Therefore, the top of
rock surface for the Edisto Formation is considered to lie between -54 and -56 feet MLLW
within EC-14. Overlying the Edisto Formation is a medium dense, poorly graded quartz sand that
grades seaward into an interbedded sequence of sand and silt, as shown in the borings. This
material is tentatively considered part of the Marks Head Formation, based largely on the work
of Weems and Lemon (1993). Little is known of this material between the two available borings
EC-13-B-54 and EC-13-B-55. SPT N-values indicate that material within the dredging prism is
weakly cemented and medium dense to dense. The horizontal extent of the strata is not well
constrained because there are only two borings available for interpolation.
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CHARLESTON HARBOR POST-45 DEEPENING FEASIBILITY STUDY
APPENDIX B GEOTECHNICAL

5.7.15. Entrance Channel, Segment EC-15

Two (2) borings and 13 washprobes were selected from a consolidated gINT dataset of 445 point
data to describe the subsurface conditions within segment EC-15 in cross-sectional profile, as
shown in Figure B-59. The lack of borings within EC-15 required the use of borings EC-13-B-55
and EC-145-97, which are located within adjacent channel segments, in order to effectively draft
the fence diagrams for Figure B-65. Vertical control on the interpreted top of rock surface was
augmented by the relatively abundant number of washprobes in EC-15. Single beam sonar
condition survey dated 25JUN13 indicates that much of the channel depth ranges from -52 to -54
feet MLLW. The average depth along both northern and southern fence profiles is -52.0 feet
MLLW. Variations in the bathymetric depth along profile are not shown. Boring and washprobe
data suggests that the top of the Edisto Formation dips below the proposed dredging prism near
station 160+00 and plunges deeper into the subsurface with increasing distance seaward. The
overlying interbedded sequence of silt and sand strata, presumably part of the Marks Head
Formation, appears to grade laterally into a thick bed of fat clay, bases upon material sampled in
boring EC-145-97. It is not known if this material represents a facies change within the Marks
Head Formation or an in-filled paleo-fluvial channel. There are no SPT N-values between the
two borings in Figure B-59, however washprobe refusal is well below the maximum proposed
dredge depth seaward of station 160+00, which indicates that the in-situ material is weak and can
be easily removed.

5.7.16. Entrance Channel, Segment EC-16

Five (5) borings and 9 washprobes were selected from a consolidated gINT dataset of 445 point
data to describe the subsurface conditions within segment EC-16 in cross-sectional profile, as
shown in Figure B-65. Boring EC-145-97 was used as a common starting point for drafting the
two fence diagrams. Vertical control on the interpreted top of rock surface was augmented by the
adjacent washprobes. Single beam sonar condition survey dated 25JUN13 indicates that much of
the channel depth ranges from -48 to -58 feet MLLW. The average depth along both northern
and southern fence profiles is -51.0 feet MLLW. Variations in the bathymetric depth along
profile are not shown. Boring and washprobe data suggests that the top of the Edisto Formation
is irregular and hummocky, but is well below the maximum proposed dredge depth of -58 feet
MLLW. The overlying stratum consists of soft fat clay overlain by dense to very dense quartz
sand, based upon the SPT borings. The dense to very dense sand occurs near station 85+00 and
extends to station 60+00 on the north side of the channel. On the south side of the channel, the
sand occurs near station 92+00 and extends to station 64+00. Much of the very dense sand
appears to have been removed through previous harbor deepening, however the depth and lateral
extent of the material is not well constrained due to the relatively few borings present in the outer
channel segments. It is assumed, based upon washprobe refusal data and existing bathymetry that
the dense cemented sands are limited in extent and locally comprise the banks on either side of
the channel, which lie between the -48 to -52 contours. This material is not as expansive as the
limestone of the Edisto Formation, but may require some limited removal by rock cutter head.

5.7.17. Entrance Channel, Segment EC-17

Seven (7) washprobes were selected from a consolidated gINT dataset of 445 point data to
illustrate the interpreted top of rock surface within segment EC-17 in cross-sectional profile, as
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shown in Figure B-66. Single beam sonar condition survey dated 25JUN13 indicates that the
channel bottom is extremely varied, having a bathymetric range between -48 to -70 feet MLLW.
The average depth along both northern and southern fence profiles is -51.0 feet MLLW.
Variations in the bathymetric depth along profile are not shown. Washprobe refusal data
indicates that the interpreted top of rock surface lies near -65 feet MLLW, which is well below
the maximum proposed dredge depth of -58 feet MLLW. The overlying stratum was penetrated
by washprobes, therefore it is assumed that this material is very soft/loose and may be easily
removed.

5.7.18. Entrance Channel, Segment EC-18

Six (6) washprobes were selected from a consolidated gINT dataset of 445 point data to illustrate
the interpreted top of rock surface within segment EC-18 in cross-sectional profile, as shown in
Figure B-67. Single beam sonar condition survey dated 25JUN13 indicates that the channel
bottom is extremely varied, having a bathymetric range between -48 to -65 feet MLLW. The
average depth along both northern and southern fence profiles is -53.0 feet MLLW. Variations in
the bathymetric depth along profile are not shown. Washprobe refusal data indicates that the
interpreted top of rock surface lies between -65 and -61 feet MLLW, which is well below the
maximum proposed dredge depth of -58 feet MLLW. The overlying stratum was penetrated by
washprobes, therefore it is assumed that this material is very soft/loose and may be easily
removed.

5.7.19. Entrance Channel, Segment EC-19

Eight (8) washprobes were selected from a consolidated gINT dataset of 445 point data to
illustrate the interpreted top of rock surface within segment EC-19 in cross-sectional profile, as
shown in Figure B-68. Single beam sonar condition survey dated 25JUN13 indicates that the
channel bottom is extremely varied, having a bathymetric range between -48 to -65 feet MLLW.
The average depth along both northern and southern fence profiles is -53.0 feet MLLW.
Variations in the bathymetric depth along profile are not shown. Washprobe refusal data
indicates that the interpreted top of rock surface lies between -64 and -61 feet MLLW, which is
well below the maximum proposed dredge depth of -58 feet MLLW. The overlying stratum was
penetrated by the washprobes shown in Figure B-63, therefore it is assumed that this material is
very soft/loose and may be easily removed.
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5.7.20 Stratigraphic Summary

A summary table that shows the predominant geologic materials that can be expected to be
encountered if the channel is deepened to -58 feet MLLW is shown below. SPT N-values for
fine-grained and granular material are listed for reference.

Table B-15. Entrance Channel Stratigraphic Summary

Figure | Reach Predominant Material SPT-N (fine-grained) SPT-N (granular)
B-50 Entrance Channel, EC-1 Inorganic Silt, Clayey Sand 2-16 0-19

B-51 Entrance Channel, EC-2 Inorganic Silt, Clayey Sand 0-18 1-81

B-52 Entrance Channel, EC-3 Inorganic Silt, Fat Clay, Silty Sand 5-12 3-12

B-53 Entrance Channel, EC-4 Inorganic Silt, Silty Sand 7-12 5-14

B-54 Entrance Channel, EC-5 Silty Sand, Sand, Limestone, Silt 4-9 8 - 46

B-55 Entrance Channel, EC-6 Limestone, Clayey-Silty Sand, Sand | --- 15 -40

B-56 Entrance Channel, EC-7 Limestone, Silty Sand, Sand, Silt 2-4 6-42

B-57 Entrance Channel, EC-8 Limestone, Silty-Clayey Sand, Sand | --- 3-29

B-58 Entrance Channel, EC-9 Limestone, Fat Clay, Silty Sand 0-5 11-100
B-59 Entrance Channel, EC-10 Limestone, Silty Sand, Sand -—- 2-91

B-60 Entrance Channel, EC-11 Limestone, Silty Sand, Sand 11-76
B-61 Entrance Channel, EC-12 Limestone, Silty Sand, Sand -—- 18-74
B-62 Entrance Channel, EC-13 Limestone, Sand 12-36
B-63 Entrance Channel, EC-14 Sand, Gravel 12-30
B-64 Entrance Channel, EC-15 Sand, Gravel, Silt, Clay 0-4 7-30

B-65 Entrance Channel, EC-16 Fat Clay, Sand 0 22 -99
B-66 to 68 | Entrance Channel EC-17 to 19 | No material data available Assume < 2 Assume < 4

5.8 Mapping and Volume Estimates of Limestone within the Entrance Channel

5.8.1. Geologic Strip Map

The subsurface materials encountered during drilling vary laterally along the length of the
entrance channel, as well as vertically. The lateral distribution of sediments roughly corresponds
to the stratigraphic framework and geologic mapping of the Charleston area by Weems and
Lemon (1993). A geologic strip map was initially developed using the 2013 boring data, because
it was during the drilling operations in which the full extent of the Edisto Formation in the
channel was recognized. The intact limestone rock cores can be correlated to previous
investigations where the geologist characterized disarticulated limestone recovered from SPT
drilling as a gravel or sand. The limestone is largely based upon a silty sand matrix with variable
amounts of shell, which is consistent with previous workers descriptions. Given this correlation,
the historical data was then re-analyzed and used refine the unit boundaries. A revised geologic
strip map (Plate 12) was then developed that combines both 2013 and historical drilling data
shows the lateral variation of geologic materials within the entrance channel.

Limestone bedrock belonging to the Edisto Formation occurs within channel segments EC-4
through EC-13 (see Plate 12). Drilling records (Attachment B-2) indicate that there are lesser
amounts of limestone along the northern sides of channel segments EC-6 and EC-7. What may
be interpreted as northerly trending paleofluvial channel system is incised into the limestone
bedrock within EC-5, EC-6, and EC-7 (see Plate 4, Plate 12, Figures B-54 to B-56). The majority
of the limestone is located within channel segments EC-5, EC-7 and EC-8 through EC-12 (see
Figures B-54, B-56 and B-57 through B-61).
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5.8.2. Area Dimensions
The estimated area and maximum thickness of limestone bedrock within the proposed dredging
prism is provided in the table below. The thickness estimates include cemented granular soils

such as limestone gravels; this material is interpreted to be top of limestone bedrock.

Table B-16. Maximum dimensions of rock per segment based drilling data.

Channel Segment | Area (sg. feet) Max Thickness (feet)
EC-4 1,114,646 2.5
EC-5 4,145, 692 12.9
EC-6 2,188, 318 7.3
EC-7 3,028,295 6.6
EC-8 4,500, 286 10.0
EC-9 5,433,416 11.2
EC-10 5,560,563 6.6
EC-11 5,759,802 7.2
EC-12 5,756,055 8.4
EC-13 3,720,418 8.6

5.8.3. Revised Rock VVolume Estimate

The results from the 2013 drilling program were used to revise the excavation rock volumes to
facilitate better project cost estimation. The method used to calculate the new work rock volume
requires that the geometries of the top of rock (TOR) and the proposed channel prism be
subtracted from each other by 3-D vector analysis using Hypack, Microstation, or ArcGIS
software.

Wilmington District, USACE created a composite TOR dataset that combined the historical
drilling data with the washprobe and rock cores drilled in 2013. The dataset was formatted as an
XYZ point data set where the easting and northing coordinates of the source borings represent
the X and Y values accordingly, and the elevation of TOR represents the Z value. Each drilling
record had to meet screening criteria before it was used order to build TOR point dataset.
Entrance channel borings were visually scanned for descriptions that contained limestone,
coquina, limestone gravel, calcareous sand, cemented sand, and shelly sand, which is recognized
as an indicator of material belonging to the Edisto Formation. Once recognized, these borings
were separated and a set of principles were applied to establish top of rock elevations for each
data point;
e TOR = elevation of top of rock within borings
e TOR = elevation at which limestone gravel is first recognized in the boring
e TOR = Bathymetric surface in historical borings that contain calcareous soils and
gravels that extend above the present (25JUN13) bathymetric condition survey.
e TOR = completion elevation in borings that lie within horizontal boundaries of
the Edisto Formation, but may have been drilled within paleo-fluvial channels that
are incised into the limestone bedrock.
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These principles are conservative, because the natural TOR surface may be deeper or less well
defined, but they were necessary in order to maintain the data density required to build the TOR
surface. The TOR dataset (Attachment B-5) was then given to USACE-Charleston District for
computational analysis. SAC personnel conducted several iterations of volume calculations using
ArcGIS and Hypack software separately in order to assure quality control. The results of the
volume calculations are presented in Table B-17. Revised estimates include volumes for rock to
be removed that lies within the design template, rock lying above the design template?, and the
total amount to be removed. The majority of the rock lies within segments EC-4 to EC-13. The
total volume of rock that is estimated to need removal for a -58 foot MLLW channel is 9,698,919
cubic yards. This estimate is 2-3 times greater than the original estimate of 3,476,646 cubic
yards, but is considered more accurate because the geology of the channel is much better
defined.

Table B-17. Revised volume estimates of limestone within the entrance channel.

Estimated Material Quantities % Type Material Within -58 MLLW Dredgiing Prism Initial 2012-2013} 2014 Revised Rock Volume Estimate (CY)
Undifferentiated (CY) (Based Upon 1986-1999 Borings) Estimate Rock | & Total Rock Rock Needing
S
58' % U lidated| % Soft Rock | % Hard Rock | % Unknown | Volume (CY) § Calculated (58") Removal (58)

Segment 1 569,596 >~ 76% 0% 0% 24% 0 o 0 0 0
Segment 2 435,529 = 58% 17% 5% 19% 98,720 E 0 0 0
Segment 3 625,978 8 59% 7% 0% 34% 44,713 w 0 0 0
Segment 4 737,540 8 35% 52% 0% 14% 380,117 E 1,482,956 238,272 1,244,684
Segment 5 729,419 Q 46% 34% 11% 9% 329,509 =) 1,167,207 9,809 1,157,398

o} a
Segment 6 652,831 IEI.:J 52% 38% 0% 10% 249,584 ﬁ 863,488 10,370 853,118
Segment 7 573,134 j( 62% 33% 0% 5% 187,686 g 972,260 65,274 906,986
Segment 8 507,662 %E) 54% 35% 6% 5% 208,271 ls 878,613 57,003 821,610
Segment 9 476,307 .9 38% 24% 34% 3% 279,830 % 1,074,904 202,113 872,791
Segment 10 550,547 2 30% 16% 47% 7% 347,359 5 1,175,070 167,258 1,007,812
Segment 11 517,333 2z 17% 5% 73% 5% 405,458 © 1,013,277 63,134 950,143

[¢] 2
Segment 12 450,290 5 18% 30% 52% 0% 368,809 E 1,355,248 186,918 1,168,330
Segment 13 430,406 % 17% 33% 50% 0% 358,671 g 741,992 25,945 716,047
Segment 14 287,713 z 0% 0% 0% 100% 0 g 0 0 0
Segment 15 289,292 E 0% 0% 0% 100% 0 = 0 0 0
Segment 16 367,736 ) 35% 31% 28% 6% 217,918 é 0 0 0

o
Segment 17 188,858 E 0% 0% 0% 100% 0 s 0 0 0
Segment 18 118,868 g 0% 0% 0% 100% 0 x 0 0 0
Segment 19 147,116 0% 0% 0% 100% 0 S 0 0 0
Segment 20 108,614 0% 0% 0% 100% 0 : 0 0 0
Segment 21 2,470 0% 0% 0% 100% 0 8 0 0 0
Total QTY (CY) 8,767,238 3,476,646 & 10,725,015 9,698,919

5.9 Summary of Lab Testing

5.9.1. Soil Test Results

Attachment B-3 contains the material gradation data and lab results. A summary of these results
is provided in Table B-18. The majority of the materials submitted for testing were granular in
nature, while only 15 samples were fine-grained. The laboratory visual classification of granular
materials tended to be finer grained than the field visual classification. This difference is likely
due to a number of factors; field biases in the observation of the material, subsequent desiccation
of granular soils, mechanical breaking of intergranular cemented bonds during test preparation
and sieving, etc.

% “Rock Above Condition” refers to bedrock that lies within the current channel that GLDD did not remove during the last deepening in 1999.
This rock lies somewhere between the 2-foot allowable over depth and advanced maintenance dredging prisms used by SAC
Navigation/Operations. Material volumes were considered separately due to Hypack/ArcGIS data processing.
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Table B-18. Summary of 2013 Entrance Channel Material Properties from USACE-EMU.

Lab Hole Sample | Depth (ft) No.4 No 200 D4318 Atterberg Limits D2216 Color Class D2487 Unified Soil
Number Number | Number MLLW % % LL PL Pl MC% Symbol Classification System
Very Dark Sandy Inorganic Silt Low LL
K2/3289 EC-13-B-1 1 52.0to0 53.5 96.8 52.8 44 31 13 23.0 . ML .
Grayish Brown (ML), with a trace of gravel.
K2/3292 EC-13-B-1 4 56.5t058.0 | 100.0 22.9 41 36 5 40.6 |Dark Olive Gray SM Silty Sand (SM).
Very Dark Sandy Inorganic Silt High LL
K2/3297 EC-13-B-2 3 55.9t057.4| 100.0 53.3 50 45 5 333 . MH
Grayish Brown (MH).
Sandy Inorganic Silt Low LL
K2/3301 | EC-13-B-3 2 |s73tosss| 1000 | 524 47 4 6 300 [parkOlveGray | ML [ O v inorganic it tow
K2/3303 EC-13-B-3 4 60.3t0 61.8 99.4 27.6 --- - - 36.4 |Dark Olive Gray SM Silty Sand (SM).
K2/3306 EC-13-B-4 2 55.5t057.0| 100.0 15.4 --- --- --- 35.9 |Very Dark Gray SM Silty Sand (SM).
K2/3308 EC-13-B-4 4 59.2 to 60.7 100.0 24.9 -=- -- - 37.1 |Very Dark Gray SM Silty Sand (SM).
Visual) Sandy Inorganic
K2/3310 | EC-13-B-4 6 |622t063.7| 1000 | 518 356 |DarkOliveGray | L |\Visual)Sandylnorgani
Silt Low LL (ML).
K2/3316 EC-13-B-5 2 52.9to 54.4| 100.0 33.4 --- - - 48.3  |Black SM Silty Sand (SM).
K2/3318 EC-13-B-5 4 55.9t057.4| 100.0 19.0 --- --- --- 39.0 |Black SM Silty Sand (SM).
K2/3320 EC-13-B-5 6 58.9to 60.4 99.7 19.8 - - - 36.9 |Black SM Silty Sand (SM).
K2/3322 EC-13-B-6 2 52.3t053.8| 100.0 29.6 63 43 20 38.1 |Black SM-H |Silty Sand High LL (SM-H).
K2/3323 EC-13-B-6 3 54.3t055.8| 100.0 33.2 75 58 17 48.1 |Black SM-H |Silty Sand High LL (SM-H).
K2/3325 EC-13-B-6 5 57.3t058.8| 100.0 23.7 --- --- - 42.0 |Black SM Silty Sand (SM).
K2/3330 EC-13-B-7 2 53.4t0 54.9 100.0 30.4 --- --- --- 37.7 |Black SM Silty Sand (SM).
K2/3332 EC-13-B-7 4 56.7 to 58.2 100.0 21.5 --- --- - 36.4 |Black SM Silty Sand (SM).
K2/3335 EC-13-B-7 7 61.8t0 63.3 100.0 23.0 --- --- --- 36.6 |Very Dark Gray SM Silty Sand (SM).
(Visual) Sandy Inorganic
K2/3338 EC-13-B-8 2 54.2t0 55.7 100.0 55.4 - --- - 41.3  |Black MH L
Silt High LL (MH).
K2/3340 EC-13-B-8 4 57.2t058.7 100.0 30.6 64 49 15 33.0 |Black SM-H |Silty Sand High LL (SM-H).
K2/3342 EC-13-B-8 6 60.2to0 61.7 100.0 21.0 --- --- --- 41.4  |Black SM Silty Sand (SM).
Inorganic Silt High LL (MH),
K2/3345 EC-13-B-9 2 52.9to54.4| 100.0 79.4 96 52 44 51.7 |Very Dark Gray MH . g g (MH)
with some sand.
Visual) | icSilt High
K2/3347 | EC-13-B-9 4 |559to57.4| 1000 | 739 538 |Black mp  |(Visual) InorganicsSilt Hig
LL (MH), with some sand.
(Visual) Sandy Inorganic
K2/3349 EC-13-B-9 6 58.9t0 60.4 | 100.0 58.5 - --- - 54.1 |Black MH L
Silt High LL (MH).
K2/3351 EC-13-B-9 8 61.9t063.4| 100.0 39.4 94 63 31 46.8 |Black SM-H |Silty Sand High LL (SM-H).
K2/3355 | EC-13-B-10 3B 52.3t052.6 58.7 19.4 --- --- --- 25.3 |Olive SM Gravelly Silty Sand (SM).
Fat Clay (CH), with a little
K2/3356 | EC-13-B-10 | 4 |53.1to54.6| 1000 | 87.7 132 40 92 521 |Very Dark Gray TR YV (CH), witha li
Inorganic Silt High LL (MH),
K2/3358 | EC-13-B-10 6 56.6to 58.1 95.5 72.0 119 68 51 59.7 |Dark Olive Gray MH  |with some sand and a trace
of gravel.
K2/3361 | EC-13-B-10 9 61.7 t0 63.2 100.0 40.0 --- --- --- 45.1 |Black SM Silty Sand (SM).
. Silty Sand (SM), with a little
K2/3364 | EC-13-B-11 2 55.8t057.3 86.7 28.3 - --- - 30.2 |Olive SM gravel
. Silty Sand (SM), with some
K2/3365 | EC-13-B-11 3 57.3t058.8 78.3 25.6 - - - 35.5 |Olive SM gravel
K2/3366 | EC-13-B-11 4 58.8to0 60.3 100.0 59.6 74 33 41 49.7 |Very Dark Gray CH Sandy Fat Clay (CH).
. Silty Sand (SM), with a
K2/3369 | EC-13-B-12 2 53.8t055.3 97.4 21.4 - --- --- 34.1 |Olive Gray SM
trace of gravel.
. Silty Sand (SM), with a
K2/3371 | EC-13-B-12 4 56.8t0 58.3 90.4 23.2 - - - 30.4 |Olive Gray SM
trace of gravel.
K2/3373 | EC-13-B-12 6 59.8t0 61.3 99.5 40.6 --- --- --- 40.8 |Olive Gray SC (Visual) Clayey Sand (SC).
Fat Clay (CH), with alittle
K2/3374 | EC-13-B-12 7 61.3t0 62.8| 100.0 89.9 100 32 68 54.4 |Very Dark Gray CH sand
Silty Sand (SM), with
K2/3376 | EC-13-B-13 2 |s16tos31| 985 19.6 5 |Gray&lightGray| swm [ Sand SM)witha
trace of gravel.
Silty Sand (SM), with a
K2/3380 | EC-13-B-13 6 57.7t059.2 98.3 15.8 - - - 31.2 |Gray SM v (SM)
trace of gravel.
Silty Sand (SM), with
K2/3381 | EC-13-B-13 7 |592t060.7| 912 147 316 |Gray sp |1ty Sand (SM), witha
trace of gravel.
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5.9.2. Rock Testing Results

Attachment B-4 contains the laboratory rock strength data sheets. A summary of this testing is
provided in Table B-19. A total of 65 unconfined compressive strength tests were run once on
each of the submitted core samples. The minimum and maximum UC strengths encountered
were 73.7 psi and 415.8 psi respectively. The average UC strength is 162.5 psi. A total of 80
Brazilian splitting tensile strength tests were run on the samples submitted, in addition to
duplicates cut from untested UC-sample trimmings. The minimum and maximum tensile strength
encountered were 0.7 psi and 136 psi. The average rock tensile strength is 37.1 psi, which is 23%
or roughly a quarter of the average UC strength.

Table B-19. Summary of 2013 Entrance Channel Rock Strength Testing from USACE-EMU

N lﬁ or Boring # Sample # —Ellnetvez:t/'gr Test Diameter | UCS (psi) S&A S&B S&C
K2/3203 EC-13-B-28 1 53.4-53.7 STS HQ 11.0
3204 EC-13-B-28 2 54.1-54.6 UCS HQ 88.8
3205 EC-13-B-28 3 57.0-57.5 UCS HQ 97.6
3206 EC-13-B-28 4 57.7-58.1 UCS HQ 95.2
3207 EC-13-B-28 5 58.8-59.3 UCS HQ 56.7
3208 EC-13-B-28 6 59.5-59.8 STS HQ 19.1 19.9 18.5
3209 EC-13-B-32 1 55.3-55.6 STS HQ 64.7 76.0 61.5
3210 EC-13-B-32 2 56.0-56.5 UCS HQ 189.4
3211 EC-13-B-32 3 58.1-58.6 UCS HQ 249.7
3212 EC-13-B-33 1 53.1-53.5 UCS HQ 350.9
3213 EC-13-B-33 2 55.0-55.4 UCS HQ 237.8
3214 EC-13-B-33 3 56.0-56.4 STS HQ 37.9
3215 EC-13-B-33 4 58.5-58.9 UCS HQ 322.1
3216 EC-13-B-34 1 56.4-56.8 STS HQ 14.8
3217 EC-13-B-34 2 57.7-58.2 UCS HQ 124.7
3218 EC-13-B-34 3 59.7-60.2 UCS HQ 194.6
3219 EC-13-B-35 1 53.7-54.1 STS HQ 2.5 10.5
3220 EC-13-B-35 2 55.0-55.5 UCS HQ 195.0
3221 EC-13-B-35 3 59.0-59.5 UCS HQ 231.0
3222 EC-13-B-36 1 54.3-54.8 UCS HQ 183.9
3223 EC-13-B-36 2 56.7-57.2 UCS HQ 1454
3224 EC-13-B-37 1 53.6-53.9 STS HQ 15.7
3225 EC-13-B-37 2 55.3-55.8 STS HQ 24.0 11.2
3226 EC-13-B-37 3 59.2-59.7 UCS HQ 174.5
3227 EC-13-B-38 1 56.2-56.7 UCS HQ 33.3
3228 EC-13-B-38 2 57.7-58.0 STS HQ 34.1 26.5 11.8
3229 EC-13-B-38 3 59.0-59.5 UCS HQ 100.7
3230 EC-13-B-39 1 54.2-54.7 UCS PQ 176.5
3231 EC-13-B-39 2 55.2-55.7 STS PQ 59.0 89.8 50.4
3232 EC-13-B-39 3 57.2-57.7 UCS PQ 248.9
3233 EC-13-B-39 4 58.7-59.3 UCS PQ 253.3
3234 EC-13-B-39 5 59.3-59.8 STS PQ 31.3 64.5 37.7
3235 EC-13-B-40 1 53.7-54.3 UCS PQ 295.5
3236 EC-13-B-40 2 55.8-56.3 UCS PQ 292.9
3237 EC-13-B-40 3 56.7-57.7 STS PQ 70.8 56.7 66.5
3238 EC-13-B-40 4 58.7-59.3 UCS PQ 232.1
3239 EC-13-B-41 1 53.6-54.1 UCS PQ 186.0
3240 EC-13-B-41 2 55.9-56.4 UCS PQ 226.3
3241 EC-13-B-41 3 57.4-57.8 STS PQ 36.6 77.1 86.2
3242 EC-13-B-41 4 58.6-59.0 STS HQ 40.9 74.3 33.9
3243 EC-13-B-41 5 59.5-60.0 UCS HQ 273.7
3244 EC-13-B-42 1 53.0-53.5 UCS PQ 223.3
3245 EC-13-B-42 2 54.6-55.1 UCS PQ 195.2
3246 EC-13-B-42 3 55.8-56.1 STS PQ 31.8 22.6
3247 EC-13-B-42 4 57.9-58.4 UCS PQ 200.1
3248 EC-13-B-42 5 59.3-59.6 STS PQ 60.4 70.1 82.5
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N lﬁ or Boring # Sample # —Elll‘]el?g?’tllgr Test Diameter | UCS (psi) S&A S&B S&C
3249 EC-13-B-43 1 54.0-54.5 UCS PQ 369.2
3250 EC-13-B-43 2 55.4-55.8 STS PQ 63.2 56.3 36.6
3251 EC-13-B-43 3 56.6-57.1 UCS PQ 415.8
3252 EC-13-B-43 4 58.3-58.8 UCS PQ 219.3
3253 EC-13-B-43 5 59.3-59.7 STS PQ 136.0 113.5 112.4
3254 EC-13-B-44 1 56.8-57.3 UCS PQ 114.6
3255 EC-13-B-44 2 58.4-58.8 STS PQ 40.7 17.7 21.3
3256 EC-13-B-44 3 59.4-59.9 UCS PQ 158.7
3257 EC-13-B-45 1 53.7-54.2 UCS PQ 227.4
3258 EC-13-B-45 2 55.0-55.5 STS PQ 31.7 26.8 32.1
3259 EC-13-B-45 3 55.8-56.3 UCS PQ 200.5
3260 EC-13-B-45 4 57.8-58.3 UCS PQ 191.4
3261 EC-13-B-45 5 59.5-60.0 STS PQ 24.4 52.2
3262 EC-13-B-46 1 57.5-58.0 UCS PQ 138.4
3263 EC-13-B-46 2 59.0-59.5 STS PQ 2.8 42.8 56.2
3264 EC-13-B-46 3 59.9-60.4 UCS PQ 170.5
3265 EC-13-B-47 1 56.1-56.7 UCS PQ 130.5
3266 EC-13-B-47 2 57.2-57.7 STS PQ 22.2
3267 EC-13-B-47 3 58.5-59.0 UCS PQ 152.3
3268 EC-13-B-48 1 52.7-53.2 UCS PQ 98.4
3269 EC-13-B-48 2 52.9-53.4 UCS PQ 204.9
3270 EC-13-B-48 3 57.1-57.6 STS PQ 13.6
3271 EC-13-B-48 4 57.7-58.2 UCS PQ 89.1
3272 EC-13-B-48 5 59.7-60.2 UCS PQ 142.4
3273 EC-13-B-48 6 58.7-59.2 STS PQ 38.9 30.3 55.6
3274 EC-13-B-49 1 53.1-53.7 UCS PQ 84.8
3275 EC-13-B-49 2 55.7-56.2 UCS PQ 88.1
3276 EC-13-B-49 3 56.6-56.9 STS PQ 8.4
3277 EC-13-B-49 4 58.4-58.9 UCS PQ 0.0
3278 EC-13-B-50 1 51.6-52.1 UCS HQ 115.3
3279 EC-13-B-50 2 53.2-53.6 UCS HQ 73.7
3280 EC-13-B-50 3 58.3-58.6 STS HQ 22.8 26.5 18.1
3281 EC-13-B-51 1 51.5-51.9 UCS PQ 76.4
3282 EC-13-B-51 2 52.9-53.4 UCS PQ 77.0
3283 EC-13-B-51 3 54.2-54.7 STS PQ 19.0
3284 EC-13-B-51 4 56.0-56.6 UCS HQ 95.3
3285 EC-13-B-51 5 58.4-58.7 STS HQ 20.8
3286 EC-13-B-52 1 57.9-58.4 UCS PQ 107.2
3287 EC-13-B-52 2 59.8-60.3 UCS PQ 101.0
3288 EC-13-B-52 3 57.0-57.4 STS PQ 13.4 18.7 17.6
3502 EC-13-B-18 1 53.9-54.4 UCS HQ 139.8
3503 EC-13-B-18 2 55.0-55.3 STS HQ 115 6.9 10.4
3504 EC-13-B-18 3 57.3-57.8 UCS HQ 139.1
3505 EC-13-B-18 4 58.6-58.9 STS HQ 26.6
3506 EC-13-B-18 5 59.4-59.9 UCS HQ 122.4
3507 EC-13-B-20 1 57.2-53.2 UCS HQ 209.9
3508 EC-13-B-20 2 55.6-56.0 STS HQ 5.1
3509 EC-13-B-20 3 57.2-57.6 STS HQ 10.6 4.3
3510 EC-13-B-20 4 58.7-59.2 UCS HQ 154.7
3511 EC-13-B-21 1 53.5-54.0 UCS HQ 120.3
3512 EC-13-B-21 2 54.9-55.2 STS HQ 18.2
3513 EC-13-B-21 3 56.0-56.5 UCS HQ 150.8
3514 EC-13-B-21 4 57.9-58.4 UCS HQ 158.0
3515 EC-13-B-21 5 59.1-59.4 STS HQ 29.1 12.1 0.7
3516 EC-13-B-24 1 56.0-56.5 UCS PQ 77.4
3517 EC-13-B-24 2 57.5-58.0 UCS PQ 79.7
3518 EC-13-B-24 3 58.5-58.8 STS PQ 21.8
3519 EC-13-B-24 4 59.5-59.8 STS PQ 14.5
3287 EC-13-B-52 2 59.8-60.3 UCS PQ 101.0
3288 EC-13-B-52 3 57.0-57.4 STS PQ 13.4 18.7 17.6
3502 EC-13-B-18 1 53.9-54.4 UCS HQ 139.8
3503 EC-13-B-18 2 55.0-55.3 STS HQ 11.5 6.9 10.4
3504 EC-13-B-18 3 57.3-57.8 UCS HQ 139.1
3505 EC-13-B-18 4 58.6-58.9 STS HQ 26.6
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N Lﬁ or Boring # Sample # —Ellnet\:aart/lgr Test Diameter | UCS (psi) S&A S&B S&C
3506 EC-13-B-18 5 59.4-59.9 UCS HQ 1224
3507 EC-13-B-20 1 57.2-53.2 UCS HQ 209.9
3508 EC-13-B-20 2 55.6-56.0 STS HQ 5.1
3509 EC-13-B-20 3 57.2-57.6 STS HQ 10.6 4.3
3510 EC-13-B-20 4 58.7-59.2 UCS HQ 154.7
3511 EC-13-B-21 1 53.5-54.0 UCS HQ 120.3
3512 EC-13-B-21 2 54.9-55.2 STS HQ 18.2
3513 EC-13-B-21 3 56.0-56.5 UCS HQ 150.8
3514 EC-13-B-21 4 57.9-58.4 UCS HQ 158.0
3515 EC-13-B-21 5 59.1-59.4 STS HQ 29.1 12.1 0.7
3516 EC-13-B-24 1 56.0-56.5 UCS PQ 774
3517 EC-13-B-24 2 57.5-58.0 UCS PQ 79.7
3518 EC-13-B-24 3 58.5-58.8 STS PQ 21.8
3519 EC-13-B-24 4 59.5-59.8 STS PQ 14.5

5.10 Rock Dredgeability

5.10.1. Parameters used to Determine Rock Dredgeability by Rock Cutter-Head

USACE-Wilmington District used the following rock strength parameters to determine rock
dredgeability; unconfined compressive strength, splitting tensile strength, percent core recovery,
rock quality designation, and the thickness of bedrock. Of these parameters, it has been the
collective experience® within Wilmington District that the unconfined compressive strength of
the rock plays the greatest role in the determination of its dredgeability.

The unconfined compressive strength of rock is one of the most widely regarded indicators of
rock dredgeability (USACE, 1983; Hignett, 1984; Smith, 1987, 1994, Bieniawski, 1989;
Vervoort and DeWitt, 1997). These workers have indicated through their individual fields of
expertise that the UCS is the best indicator of material dredgeability. Hignett (1984) reported that
the maximum unconfined compressive strength that rock cutter head dredges could effectively
remove ranged from 3625 psi to 4351 psi, even though their individual components were rated
for much stronger rock. These figures were given for 1970’s to 1980’s era dredges, which have
probably been upgraded in capacity in the 30 years since the publication. The other parameters
become increasingly important when strong rock is encountered and the dredging contractor
must alter his plan of work in order to utilize natural planes of weakness within the rock for
economic removal. Above 4351 psi, the rock must be blasted to allow removal (Hignett, 1984).

In the case of the Wilmington Harbor Anchorage Basin, the average unconfined compressive
strength of the in-situ rock was 548 psi, with a strength range from 301 psi to 1364 psi. The
Anchorage Basin was assessed by the Wilmington District to be dredgeable, but there were
initial concerns to rock dredgeability in areas that had rock strengths in excess of 500 psi and
thicknesses greater than 4-feet (Figure B-69). Great Lakes Dock and Dredging mobilized the D/B
Texas to the site in December 2012 and removed all of the rock in the Anchorage Basin without
the need for blasting. The rock mass in the area of concern was removed easily without incident.

2 Based on rock dredging experience from Wilmington Harbor, which has much harder limestone than Charleston Harbor. Specific rock
dredging projects include the Baldhead Shoals Re-alighnment and Anchorage Basin Deepening. Coastal southeastern NC has similar geology as
Charleston, SC, but the bedrock is much better cemented. Wilmington Harbor could be considered a more extreme case in terms of rock strength
and cementation, than Charleston Harbor.
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Figure B-52. Wilmington Harbor Anchorage Basin problematic areas > 500 psi & > 4-feet thick.
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5.10.2. Strength of Materials within the Entrance Channel

The strength of the material sampled during the 2013 drilling program was tabulated in Excel,
and plotted against the existing maps, as illustrated in Plates 13 and 14. The maximum N-blow
count from all SPT sampling (1988 to 2013) is plotted against channel stationing for segments
EC-1 through EC-16. SPT N-values for the recent drilling are plotted in red, while the historical
SPT values are plotted in dark blue. The maximum unconfined compressive strength (UCS) of
limestone samples taken within the dredging prism (< -58 MLLW) are plotted as red point data,
alongside historical UCS test data from USACE (black) and GLDD (gray).

The Cooper Formation floors much of channel segments EC-1 into most of EC-4 (Figure B-54
through Figure B-56). This fine-grained, silty-clayey material is medium stiff to very stiff based
upon SPT N-values that range from 4 to 19. No limestone was encountered within channel
segments EC-1 through EC-3. The materials in these segments are not cemented and should be
considered low-strength. Historical data indicates that the limestone may occur as thin,
discontinuous beds within EC-4.

Transitional sand or paleofluvial material floor the northern side of channel segments EC-5, EC-
6, EC-7 and a small portion of EC-8 (Figure B-57 through Figure B-60). These materials have
variable amounts of cementation and compaction, which appear to have a wide variation of
relative density. The graph of SPT N-values in Plate 14 indicates that the density of these
materials range from loose (N = 4) to dense (N = 40). The higher densities are considered
indicative the limestone that is shown to lie along the southern bank of these channel segments.
Borings along the northern bank that have relatively high blow count values may have
intercepted zones of deeply indurated limestone, or coarse-grained detrital material that was shed
off the limestone subcroppings along the southern bank.

Subsurface data indicates that the density and relative strength of material increases from EC-5
to EC-6. Rock sampled from these sections is no more than 210 psi in strength. A small erosional
window of Cooper Marl is denoted in EC-7, which roughly corresponds to a drop in SPT N-
values below 5. An increase in SPT N-values to N=20 indicates the presence of denser granular
material which was encountered in boring EC-13-B-22. Seaward of boring EC-13-B-22, more
weakly cemented limestone (98 psi) crops out from the seafloor and increases in quantity within
segment EC-8. Channel segment EC-9 is floored by weakly cemented limestone that ranges in
strength from 114 to 500 psi, based upon GLDD claims data and the 2013 lab testing.

The strength of the limestone present in channel segments EC-10 through EC-13 (Figure B-59 to
Figure B-62) is less than 450 psi, based upon the results of the 2013 lab testing. When compared
to the GLDD UCS data, most of the rock strengths are much weaker. The highest rock strength
values are within the GLDD dataset, notably UC strengths of 994 psi and 1670 psi. However, as
discussed in section 2.4.2, these values do not represent the overall strength of the rock mass, but
rather the strength of isolated well-silicified, discontinuous strata, and should be considered data
outliers. Therefore the strength range of the limestone bedrock is generally constrained to 450 psi
or less.

Based upon the low strength of the rock within the entrance channel, and the ease by which
stronger rock was removed from Wilmington Harbor’s Anchorage Basin by rock cutter head
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alone, there should be no need for blasting in Charleston Harbor. The rock that is present should
be easily removable by a modern rock cutter head dredge.

5.10.3. Seismic Vibration

Seismic vibration generated from rock cutter-head dredging should pose no risk to existing
structures within Charleston. There are two lines of reasoning for this;

1. The location where rock dredging will occur is distant from any structure. Any seismic

waves generated will be sufficiently attenuated below established peak particle velocity
(PPV) damage thresholds. For reference, rock dredging conducted in Wilmington Harbor,
was located 1-2 miles from the downtown historical district, and cutter-head vibration
never exceeded the established PPV threshold.

Foundation soils in Charleston have already been subjected to relatively high PPV’s from
previous large magnitude earthquakes. Foundation structures may have already settled as
a result of liquefaction of the underlying non-cohesive soils (where present).
Furthermore, multiple earthquake events may have induced settlement of foundation
soils, effectively buffering any settlement effects (however unlikely) from the seismic
waves generated from the cutter-head.

5.11 Conclusions

The limestone previously encountered by Great Lakes Docks and Dredging belongs to
the Edisto Formation and is much more widespread than initially anticipated.

Volume estimates using TOR modeling and the proposed channel template (-58 MLLW)
indicate that the volume of rock that will need to be removed is 9,698,919 cubic yards.
This estimate is 2-3 times greater than the original estimate of 3,476,646 cubic yards, but
is considered more accurate because the geology of the channel is much better defined.

Overall, the unconfined compressive strength of tested samples indicates that the
limestone is very weak and soft. Low unconfined compressive strength bedrock is very
conducive to removal by rock cutter head dredging.

Previous investigations underestimated the extent of the rock in the entrance channel
because of its low unconfined compressive strength. The rock, when sampled using the
SPT method, returned disarticulated sand and gravel, which suggested that it was
unconsolidated. This contributed to a change of condition claim by GLDD in 1999.

Based upon the available drilling logs and lab data, and using conservative engineering-
geology judgment, the limestone bedrock should not need blasting for removal.

The need for vibration monitoring is not anticipated for this project.

Additional drilling and/or laboratory testing for the entrance channel should not be
required during PED due to the sampling coverage provided in 2013.
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VI. CLOUTER CREEK

6.1 Introduction

Clouter Creek Disposal Area (DA) is a diked upland area that is used to contain material dredged
from the Cooper River for navigational purposes. It is located east of North Charleston, on the
east bank of the Cooper River. The east side of Clouter Creek DA is bordered by Clouter Creek,
while the north, south, and west sides are bordered by the Cooper River. Totaling roughly 1,475
acres, Clouter Creek DA is divided into four “cells”, South Cell, Middle Cell, Highway Cell, and
North Cell. The approximate acreages are as follows:

Table B-20.
Clouter Creek DA Area
South Cell 415 Acres
Middle Cell 410 Acres
Highway Cell 460 Acres
North Cell 190 Acres

The portion of the Cooper River dredged material placed into Clouter Creek Disposal Area
consists of the upper harbor, from the Daniel Island Reach to the Ordnance Reach. The northern
third of Clouter Creek DA is owned by the South Carolina State Ports Authority (SCSPA), and
the southern two-thirds are owned by the U.S. Army Corps of Engineers. The Federal
Government enjoys a perpetual easement on the state owned portion.

6.2 Fifty Year Future Life Cycle

6.2.1 Current Dredging Volume

The upper harbor reaches are dredged on a bi-annual basis (every 18-24 months). The yearly
dredge material average that is placed into Clouter Creek DA is 837,216 cubic yards.
Authorized third party users also place dredged material into Clouter Creek DA on a yearly
basis, with an average annual volume of 448,749 cubic yards. The total average annual dredged
material disposal amount that is placed in Clouter Creek Disposal Area is almost 1.3 million
cubic yards.

6.2.2 New Work

New work is divided into two areas: upper harbor individual reaches and wideners. The current
authorized dredging depth in the upper harbor is 45-feet, plus 2 to 4-feet of advanced
maintenance and an additional 2-feet allowable overdepth, for a total depth of 49-feet. The
exception to this are areas of high shoaling® which have additional allowance for maintenance
dredging. Minimum new work depth is 47-feet, plus 2-feet advanced maintenance and 2-feet
allowable overdepth for a total depth of 51°. Maximum new work depth is 52-feet, plus 2-feet
advanced maintenance and 2-feet allowable overdepth for a total of 56-feet, with additional

% High shoaling areas in Lower Wando, Lower Town Creek, Ordnance Reaches, Ordnance Turning Basin, and Wando Turning Basin are
required to have 45’ depth with 4” of authorized advanced maintenance dredging and an additional 2’ allowable overdepth. Drum Island Reach is
required to have 45’, plus 6’ of authorized advanced maintenance, and an additional 2’ allowable overdepth.
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allowance for high shoaling areas. Wideners are to be dredged to the same depth as the channel
segments. Maximum new work depth is 52°, plus 2’ advanced maintenance and 2’ allowable
overdepth for a total of 56°. The new work volume of dredged material ranges from 373,481
cubic yards to almost 6 million cubic yards. See Table B-21 for individual quantities. A critical
design issue for the proposed dike raises to accommodate current and new work dredging
volume is settlement and stability.

Table B-21.
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Total 373,481 445583 909247 | 1419797 | 3376508 | 4485851 | 4920434 | 526,767 | 5676935 | 5982853

6.2.3 Proposed Dike Raise to Accommodate Current and New Work Volumes?.

A 50 year dredged volume was calculated, as well as the new work volume for the upper harbor
deepening to 56°. The total capacity shortfall at Clouter Creek DA is approximately 64 million
cubic yards (mcy). With a total acreage of 1475 at Clouter Creek DA, a raise of 26.9’ would be
required to place all the material for the 50-year dredge volume. This excludes the extra capacity
that is gained from utilizing the material from inside the DA to complete the dike raises.
Numerous dike raises will be required to gain a 50-year capacity for Clouter Creek DA, with a
final top elevation of approximately 50” (NAVD88). Each incremental raise will be
approximately 5’ in height. Levee raises design and analyses were conducted in accordance with
EM 1110-2-5072, Confined Disposal of Dredged Material.

%% Data table from SAC, Operations Branch, circa September 2012. As per Caleb Brewer, maintenance dredging material must also be

accounted for in disposal to Clouter Creek. He specifically mentions that “...Going back and adding in the areas that are not being studied for
deepening, but material still goes to Clouter Creek is where the 837,216 cubic yards per year comes from. The original yearly average of 837,216
cy yr is the correct average for all reaches in which material is disposed of in Clouter Creek”.
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High strength geotextile would be placed with every dike raise to ensure the Factor of Safety
(F.S.)?" remains above 1.3. Each raise will be analyzed for slope stability and settlement prior to
the designing of the raise. For the North, Highway, Middle, and South cells, each raise would
also include a step-in, placing the next dike raise to the inside toe of the previous raise, as well as
a fifty foot berm placed to the inside of the cell. The cross dike between the North and Highway
cells, Highway and Middle cells, and Middle and South cells would be raised along the
centerline.

6.3 Subsurface Investigation

Historical data was researched and data deficiencies were identified in order to locate areas on
Clouter Creek DA which require further subsurface data. In October 2012, Cone Penetration
Testing (CPT) was performed in those areas where data was deemed insufficient. Standard
Penetration Testing (SPT) was performed in November and December 2013 at the previous CPT
locations.

6.3.1 Field Methods

6.3.1.1 Cone Penetration Testing (CPT). In December 2012, the U.S. Army Corps of Engineers,
Savannah District, performed cone penetration testing (CPT) on Clouter Creek Disposal Area.
The CPT is also a widely accepted test method of in situ testing of foundation soils (ASTM D
5778) and provides a relatively inexpensive and rapid means for determining subsurface
conditions. An instrumented conical shaped probe (60° cone tip, 10 centimeters in diameter,
with the friction sleeve area 150 centimeters in diameter) is pushed into a soil deposit at a
controlled rate of 2 cm/sec at each location to the termination depth. Depth of penetration is
measured by an optical encoder, and is verified by manually measuring the depth of penetration
and comparing the result to the final sounding depth measured by the encoder. The tip of the
cone was instrumented to measure tip resistance (gc) using strain gauges, while the attached
sleeve was instrumented to measure friction (fs) as the cone was advanced. The cone was also
equipped with a pore pressure transducer to measure induced pore pressure or seismic sheer
wave velocities (u,) at discrete depth locations. Induced pore pressure is the excess pore water
pressure generated by the probe displacing saturated soil. Low permeability soils will generate
relatively high induced pore pressures, while high permeability soils will generate relatively low
induced pore pressures. High permeability soils will generally show induced pore pressures that
closely mirror hydrostatic pressures (Up). The tip resistance, sleeve friction, and pore pressure
were used to develop a profile of correlated soil type with depth. Output quantities for both
sleeve friction and tip resistance are simultaneously recorded in units of tons per square foot per
foot of depth. CPT testing provides a detailed record of cone resistance which is useful for
evaluation of site stratigraphy. The use of the friction sleeve and pore-water pressure element is
used to estimate soil classification and engineering properties of soils.

CPT testing was performed on 16 predetermined transects along the perimeter of all 4 cells of
Clouter Creek Disposal Area (Figure B-70 and Figure B-71). Each transect consisted of 5 boring
locations. These locations were: inside and outside embankment toe, inside and outside slope,

2T Eactor of safety (F.S.) is a term describing the structural capacity of a system beyond the expected loads or actual loads. F.S. describes how
much stronger the system is than it needs to be for an intended load. Safety factors are calculated using detailed analysis because comprehensive
testing is impractical; however, the structure's ability to carry the load must be determined to a reasonable accuracy.
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and the crest. Of the 80 proposed CPT locations, only 67 were completed due to inaccessibility
of the slope or toe locations. Several transects had steep outer slopes that dropped off to the
marsh. In the instances where there was inadequate space to obtain all 5 testing locations, as
many locations were tested as possible, allowing for the maximum collection of data.

Upon completion, all CPT borings were backfilled with bentonite grout. All CPT locations were
recorded using a Trimble GeoXH GPS unit. Elevation data was acquired via LIDAR data
provided by U.S. Army Corps of Engineer, Charleston District.

T

W ccz2cpT2

. __.. . R ;"‘ i

FigureB-?O. Northern transect locations for Clouter Creek Dispoal Area.
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Figure B-71. Southern transect locations for Clouter Creek Disposal Area.

6.3.1.2 Standard Penetration Testing (SPT). In November and December, 2013, the U.S. Army
Corps of Engineers, Savannah District, performed Standard Penetration Testing (SPT) on
Clouter Creek DA. The test provides an indication of the relative density of granular soils, such
as sand and gravel. Soil strength parameters derived from the test are generally considered
approximate, but they are deemed acceptable given the widespread use of the method and it’s
relatively low cost. Correlation between the blow-count (N-value) and soil strength properties
tends to be greater in sandy soils than in clayey soils. Despite this, the test method is used
extensively to quantify soil properties for geotechnical engineering design.

SPT testing involves driving a standard thin-walled, 24-inch long, 2-inch OD/1-3/8-inch ID,
splitspoon sampler a total depth of 18-inches into undisturbed soil. The driving energy for is
imparted to the sampler (and length of drill rod) from the blows of a 140-Ilb hammer free-falling
30-inches. The number of blows to drive the sampler in three 6-inch increments is recorded. The
first 6-inches of penetration is considered to be the seating drive. The sum of the number of
blows required for the second and third 6-inches of penetration is termed the “standard
penetration resistance” or the “N-value”. The blows are applied and counted for each of the 6-
inches until 18-inches of penetration is achieved. The test is terminated if: a total of 50- blows
have been applied during any one of the three 6-inch increments, a total of 100-blows have been
applied, or there is no observable advance in the sampler during the application of 10 successive
blows of the hammer.

SPT testing was performed on eighteen predetermined locations along the perimeter of all 4 cells
of Clouter Creek Disposal Area (Figure B-72). Of the proposed thirty-two SPT locations, only
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eighteen were completed due to timeline and funding constraints. Thirteen of the SPT holes
were located where CPT testing was previously performed in 2012. The remaining five SPT
holes were located at new locations around Clouter Creek DA.

SPT testing was performed in accordance with ASTM D1586, as well as ER-1110-1-1807. Each
SPT boring was advanced by using a mud rotary auger with cleanout to the top of the next
sample. Each boring began at the ground surface and was advanced in drive increments of 1.5-
feet to -73.5 ft NAVD88. The first SPT was taken at a depth of 2-feet and then on 5-foot centers
to the bottom of the hole. After each sample was taken, the splitspoon sampler was washed to
prevent cross contamination with the next sample. An inspector from SAW was on site during
the drilling operations to visually classify the soils and record the SPT blow counts at each 18-
inch drive. The splitspoon samples were sealed in jars and taken to the SAD laboratory at the
end of the sampling effort. A total of 270 splitspoon samples were collected from the SPT
endeavor.

SPT holes were backfilled with grout by inserting PVVC tremie pipe to the terminal depth. The
tremie pipe was then filled with bentonite grout weighing approximately 100 Ibs/ft> and then
retracted, keeping the pipe topped off with grout until all sections were brought to the surface.
All SPT sampling locations and elevations were recorded using a Trimble VRS GPS unit.

6.3.1.3 Undisturbed Sampling. At selected SPT boring locations, an adjacent “sister” UD test
boring was advanced within 10” horizontally from the SPT boring location for the purpose of
collecting undisturbed samples. The undisturbed samples were labeled SPT-13-CC-X UD-x
where “x” represents the corresponding SPT numbering and undisturbed sample number. The
depth interval, date, and time were also identified for each sample. The undisturbed sample
depths were determined at discretion of the SAW inspector, based on CPT data, as well as field
classification results of soils at certain SPT locations.

Undisturbed sampling was performed in accordance with ASTM D1587. The thin-walled sampler
tubes have an outside diameter of 3-inches and a total length of 30-inches. The undisturbed hole
was advanced to the desired elevation using a mud rotary auger. The thin-walled samplers were
then pushed for a penetration of 28-inches. After a thirty minute wait, the thin-walled sampler tube
was removed from the boring, the recovery was measured, and the ends were sealed with wax and
plastic caps. The tubes were labeled for orientation (top, bottom) and identification prior to being
transported to the laboratory. Eighteen undisturbed samples were obtained, with some holes
having two undisturbed samples taken and others having one undisturbed sample taken.

128



CHARLESTON HARBOR POST-45 DEEPENING FEASIBILITY STUDY
GEOTECHNICAL APPENDIX

Clouter Creek SPT Drilling 2013  [frwemeera
Clouter_Creek_SPT_ May by: Nichols, Z

Figure B-72. SPT Boring locations for 2013 Clouter Creek Subsurface Investlgatlon
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6.3.2 Laboratory Methods

6.3.2.1 ASTM D2216. Laboratory Determination of Water Content of Soil and Rock Mass. This
test method covers the laboratory determination of the water (moisture) content by mass of soil
where the reduction in mass by drying is due to the loss of water. For many materials, water
content is one of the most significant index properties used in establishing a correlation between
soil behavior and its index properties. The water content soil is used in expressing the phase
relationships of air, water, and solids in a given volume of material. In fine-grained (cohesive)
soils, the consistency of a given soil type depends on its water content. The water content of a
soil, along with its liquid and plastic limit is used to express its relative consistency or liquidity
index.

6.3.2.2 ASTM D2435. One-Dimensional Consolidation Properties of Soils Using Incremental
Loading. This test method determines the magnitude and rate of consolidation of soil when
restrained laterally and drained axially while subjected to incrementally applied controlled-stress
loading. This test method is most commonly performed on undisturbed samples of fine grained
soils naturally deposited in water. The data from the consolidation test are used to estimate the
magnitude and rate of both differential and total settlement of earthen fill. Estimates of this type
are of key importance in the design of engineered structures and the evaluation of their
performance.

6.3.2.3 ASTM D2488. Description and Identification of Soils. This test method is used to identify
soils based on visual examination and manual tests. Using visual examination and simple manual
tests, soils can be identified using the classification group symbols and names. The descriptive
information can be used to describe a soil to aid in the evaluation of its significant properties for
engineering use.

6.3.2.4 ASTM D2850. Unconsolidated-Undrained Triaxial Compression Test on Cohesive Soils.
This test method covers determination of the strength and stress-strain relationships of a
cylindrical specimen of undisturbed cohesive soil. Specimens are subjected to a confining fluid
pressure within a confined chamber. No drainage of the specimen is permitted during the test.
The specimen is sheared in compression at a constant rate of axial deformation, without
drainage. The compressive strength of a soil is determined in terms of the total stress; therefore,
the material strength depends on the pressure developed in the pore fluid during loading. Fluid
flow is not permitted from or into the soil specimen as the load is applied; therefore, the resulting
pore pressure and strength differs from that developed in the case where drainage can occur.

6.3.2.5 ASTM D4318. Liquid Limits, Plastic Limits, and Plasticity Index of Soils. This test
method is used to characterize the fine-grained fractions of soils. The liquid limit, plastic limit,
and plasticity index of soils are also used with other soil properties to correlate with engineering
behavior such as compressibility, hydraulic conductivity (permeability), compatibility, and sheer
strength.

6.3.2.6 ASTM D4767. Consolidated Undrained Triaxial Compression Test for Cohesive Soils.
This test method covers the determination of strength and stress-strain relationships of a
cylindrical specimen of an undisturbed saturated cohesive soil. Specimens are isotropically
consolidated and sheared in compression without drainage at a constant rate of axial
deformation. The shear characteristics are measured under undrained conditions and are
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applicable to field conditions where soils that have been fully consolidated under one set of
stresses are subjected to a change in stress without time for further consolidation to take place,
and the field stress conditions are similar to those in the test method. The shear strength
determined from the test is used in embankment stability analysis, earth pressure calculations,
and foundation design.

6.3.2.7 ASTM D6913. Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis. This
test method is used to determine the particle-size distribution (gradation) of a soil sample. A
representative specimen is obtained from the sample after oven-drying. The specimen is sieved
in its entirety, using a single sieve-set sieving. After the dry weight of the total sample was
obtained, the sample was soaked in a dispersing agent. Once the samples had dispersed they
were washed over a No. 200 sieve. The samples washed over the No. 200 sieve were then oven
dried again and the dry weight after the No. 200 wash was recorded. If the sample weights
indicated that over half of the material had passed the No. 200 sieve then no further testing was
performed. However, if more than half of the sample was retained on the No. 200 sieve then the
remaining portion of the sample was subjected to full sieve analysis after drying.

6.4 Settlement and Stability

6.4.1 Seepage Analysis

6.4.1.1 SEEP/W. Steady-state seepage analysis was performed using GeoStudio’s SEEP/W, a
two dimensional finite element modeling program. All analysis was conducted in accordance
with EM 1110-2-5027, Confinced Disposal of Dredged Material. The phreatic surface and pore-
pressure distribution was modeled for each dredging cycle after every raise for the fifty year life
of the dike (Figure B-73). Levee cross sections were developed using subsurface data from the
Cone Penetrometer Testing (CPT) data generated from the 2012 subsurface investigation and the
2013 as-built drawings supplied by the Charleston District from the 2012 LIDAR?® topographic
survey, then converted to finite element meshes. Hydraulic conductivity functions were defined,
boundary conditions were applied, and seepage conditions were predicted for various dredging
water elevations.

6.4.1.2 Seepage Analysis Assumptions and Input Parameters. For the preliminary designs, the
dike profiles were determined from the 2013 Clouter Creek Disposal Area cross sections. These
cross sections were developed from the 2012 LIDAR topographic survey conducted by the
Charleston District (SAC). Three cross sections were constructed: North cell at N389698.4,
E2325489, Highway Cell at N386298.5, E2325713, and Middle Cell at N382730.5, E2323906
(Figure 4). After a site visit to Clouter Creek DA, it was discovered that the existing data did not
match current conditions at the Middle Cell, and that analysis was terminated. The North Cell
was assumed to be a “typical” section of Clouter Creek DA, and the Highway Cell was modeled
at the known failure area at that cross section. Both were modeled with dike raises to elevation
50’. A 3H:1V outside slope (riverside) and a 2H:1V inside slope (landside) was modeled for
each raise, with high strength geotextile being placed at the ground level of each raise. The crest
width is sixteen feet wide for each raise, and a fifty foot berm approximately three to four feet
high is placed to the inside of the dike for stability. Each dike raise will be approximately five

% |ight detection and ranging (LIDAR) is a remote sensing technology that measures distance by illuminating a target with a laser and analyzing
the reflected light. It is commonly used to make high resolution survey maps.
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feet. Dredged material taken from the inside of the disposal area will be used to raise the dike.
With each dredging cycle, two feet of freeboard will be modeled from the top of the dike.

N3896984
E2325489

N386298
E2325713

N382730  [ME sy
E2323006 [SN8

cracPin

.

B\ < i I
Figure B-73. Modeled cross sections at North Cell, Highway Cell, and Middle Cell

SEEP/W inputs consist of cross sectional geometry, hydraulic conductivity and boundary
conditions for the flow domain. Output results from SEEP/W consist of phreatic surface, head
distribution, hydraulic gradient, flow directions and flow quantities within the flow domain.
Each soil layer was assigned a vertical permeability (k,) value based on experience with soil
types and laboratory permeability tests. The horizontal coefficient of permeability (kp) of each
layer was assumed to be one to two times the vertical permeability. The seepage model follows
steady-state conditions, with water surface elevations (headwater) at the crest of the dike.

6.4.1.3 Seepage Analysis Results. As determined by SEEP/W, the seepage pore water pressure
within the dike was minor. The phreatic surface exits near the landside toe of the slope with each
dredging cycle (2-feet of freeboard). Lateral hydrostatic forces and seepage gradients within the
dike and underlying foundation indicate the overall stability of the existing dike is acceptable.
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Figure B-74. Seepage analysis of Clouter Creek Disposal Area, North Cell.
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Figure B-75. Seepage analysis of Clouter Creek Disposal Area, Highway Cell

6.4.2 Stability Analysis

6.4.2.1 SLOPE/W. Undrained slope stability analyses were performed using GeoStudio’s
SLOPE/W, a two dimensional finite element modeling program. SLOPE/W’s formulation is
based on the general limited equilibrium method, and uses an iteration scheme to find the critical
slip surface and the corresponding minimum factor of safety. The method of analysis used to
determine the factor of safety for Clouter Creek DA is Spencer’s procedure (Spencer 1967,
Wright 1970), which is the preferred method of the USACE, per EM 1110-2-1902 Engineering
and Design — Slope Stability. Spencer’s procedure fully satisfies static equilibrium for each slice
within the failure area. The optimized factors of safety for circular modes of failure were
calculated in the analyses. The factors of safety were determined for each dredging cycle after
every raise for the fifty year life of the levee. The levee profiles were constructed from the 2013
Clouter Creek Levee cross sections. These cross sections were developed from the 2012 LIDAR
topographic survey conducted by the Charleston District (SAC). Soil stratification was
determined utilizing data from the 2013 Standard Penetrometer Testing lab results. Soil strength
functions were defined, and slip surfaces were specified for the dike raise to elevation 50°.
Optimization incrementally alters only portions of the slip surface. After finding the critical slip
surface, the new segmental technique is applied to optimize the solution, resulting in a
conservatively lower factor of safety than the one obtained for an assumed circular slip surface.
The same cross sections were used for both the SLOPE/W analysis and the SEEP/W analysis
(North Cell and Highway Cell).
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6.4.2.2 Stability Analysis Results.

6.4.2.2.1 North Cell. As determined by SLOPE/W, the factor of safety decreases with each
subsequent dike raise to the projected 50-year life cycle elevation of Clouter Creek DA.
Utilizing geotextile into the design of the dike increases the factor of safety. As seen by Figures
B-76 to B-79, the FS is 0.881 for a dike elevation of 50" with no geotextile, but increases with
each subsequent placement of a geotextile layer. The addition of three geotextile layers at
elevations 197, 28°, and 37’ increases the FS to 1.315, which is above the minimum FS of 1.3
(EM 1110-2-1913) for end of construction.

Stability Analysis Landside
North Cell Dike

0881 Crest Elevation 50
No Fabric

Riverside

o B 8 8 8 8

Elevation (ft)
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100 200 300 400 500 600
Distance (ft)

Figure B-76. North Cell. Elevation 50°. No Geotextile. FS = 0.881.
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Figure B-77. North Cell. Elevation 50°. 1 Geotextile layer. FS = 1.190.
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Figure B-78. North Cell. Elevation 50°. 2 Geotextile layers. FS = 1.258.
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Figure B-79. North Cell. Elevation 50°. 3 Geotextile layers. FS = 1.315

6.4.2.2.2 Highway Cell As determined by SLOPE/W, the factor of safety decreases with each
subsequent dike raise to the projected 50-year life cycle elevation of Clouter Creek DA.
Utilizing geotextile into the design of the levee increases the factor of safety, however at
elevation 50’, the minimum FS is not met with the inclusion of geotextile fabric. The low FS is
due to the large (~ 35’) organic layer below the ground surface. Utilizing geotextile, the FS is
raised from 0.630 with no geotextile to 1.116 with 5 layers of geotextile (Figures B-80 and B-
81).

Riverside Stability Analysis Landside
060 Highway Cell Dike
Crest Elevation 50"
No Geotextile
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Figure B-80. Highway Cell. Elevation 50°. No Geotextile. FS = 0.630
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Figure B-81. Highway Cell. Elevation 50°. 5 Geotextile layers. FS = 1.116

Lowering the dike elevation from elevation 50’ to elevation 46’ increases the FS As seen by
Figures B-82 to B-87, the FS is 0.736 for a dike elevation of 46 with no geotextile, but increases
with each subsequent placement of a geotextile layer. The addition of five geotextile layers at
elevations 7°, 14.4°, 19’, 29, and 34’ increases the FS to 1.246, which when rounded, meets the
minimum FS of 1.3 (EM 1110-2-1913) for end of construction.
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Figure B-82. Highway Cell. Elevation 50’. No Geotextile. FS = 0.736
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Figure B-83. Highway Cell. Elevation 50°. 1 Geotextile layer. FS = 0.878
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Figure B-84. Highway Cell. Elevation 50°. 2 Geotextile layers. FS = 1.009
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Figure B-85. Highway Cell. Elevation 50°. 3 Geotextile layers. FS = 1.131
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Figure B-86. Highway Cell. Elevation 50°. 4 Geotextile layers. FS = 1.203
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Figure B-87. Highway Cell. Elevation 50°. 5 Geotextile layers. FS = 1.246

6.5 Conclusions and Recommendations

e The 50 year dredged capacity in Clouter Creek Disposal Area has a shortfall of 64
million cubic yards. A raise of 26.9’ is required to accommodate the total 50 year
dredged material amount.

o Geotextile fabric is required to raise the dike level.

e The seepage pore water pressure within the dike was minor. The phreatic surface exits
near the landside toe of the slope with each dredging cycle (2-feet of freeboard). Lateral
hydrostatic forces and seepage gradients within the dike and underlying foundation
indicate the overall stability of the existing dike is acceptable.

e For the North Cell, the Factor of Safety is 0.881 for a dike elevation of 50° with no
geotextile, but increases with each subsequent placement of a geotextile layer. The
addition of three geotextile layers at elevations 19’, 28’, and 37’ increases the FS to
1.315, which is above the minimum FS of 1.3 (EM 1110-2-1913) for end of construction.

e For the Highway Cell, utilizing geotextile into the design of the levee increases the factor
of safety, however at elevation 50°, the minimum FS is not met with the inclusion of
geotextile fabric. Utilizing geotextile, the FS is raised from 0.630 with no geotextile to
1.116 with 5 layers of geotextile.

e Lowering the dike elevation from elevation 50 to elevation 46’ on the Highway Cell,
increases the FS, The FS is 0.736 for a dike elevation of 46” with no geotextile, but
increases with the addition of five geotextile layers to 1.246, which when rounded, meets
the minimum FS of 1.3 (EM 1110-2-1913) for end of construction.

Although an extensive analysis was performed on the two cross sections in the North Cell and
Highway Cell to elevation 50 NAVD88, further analyses is recommended at numerous cross
sections per cell for each dike raise. Current as-builts, as well as refined topographic and
subsurface data should be used for each analysis prior to construction. There are an infinite
number of section geometries, and only a limited number were analyzed for this investigation.
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Foundation improvement is recommended prior to raising the dike to ensure less future
settlement and greater stability of the dike. Foundation improvement is one way to increase the
foundation soil strengths. Different types of methods include wick drains, sand columns, and
stone columns. A seepage, stability, and cost analysis should be performed prior to

implementation of any foundation improvements.
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